Last few years, many people have studied the possibilities that the anomalous U (1) gauge symmetry is a trigger of SUSY breaking and/or an origin of the fermion mass hierarchy. Though it is interesting that the anomalous U (1) symmetry may explain the above two phenomena simultaneously, it causes a negative stop mass squared or a severe fine-tuning in order to avoid the FCNC problem. Recently it was pointed out that the F -term contribution of the dilaton field can dominate the anomalous U (1) D-term contribution which induces flavor-dependent scalar masses, so that the FCNC problem may be naturally avoided. In this paper, we study the case that the dilaton is stabilized by the deformation of the Kähler potential for the dilaton and find that the order of the ratio between the F -term and the D-term contributions is generally determined. It means that the branching ratio of µ → eγ can be found around the present experimental bound.
Introduction
One of the most important problems of the standard model is stability of the weak scale and another is the hierarchy problem of fermion masses. The most promising solution for the former problem is to introduce supersymmetry (SUSY). If SUSY is realized in nature, we should understand what is the origin of SUSY breaking. One of the possibilities is that an anomalous U(1) gauge symmetry with anomaly cancellation by the Green-Schwarz mechanism [1] triggers SUSY breaking [2, 3] and mediates the SUSY breaking effects to the ordinary matter [4] . On the other hand, it is widely known that the latter problem of fermion mass hierarchy can be solved by assignment of the anomalous U(1) charges to the matter fields [5, 6] . It is interesting to examine the possibility that the anomalous U(1) gauge symmetry explains the two origins, the origin of SUSY breaking and that of fermion mass hierarchy [7, 8] . However there are some issues for this scenario. In order to explain the fermion mass hierarchy, we should assign the anomalous U(1) charges dependent on the flavor, which induces the non-degenerate scalar fermion masses through the anomalous U(1) D-term. The large SUSY breaking scale can avoid the flavor changing neutral current (FCNC) problem [9, 10] , while it causes a negative stop mass squared or a severe fine-tuning [11] .
Recently, Arkani-Hamed, Dine and Martin [12] pointed out that the F -term contribution of the dilaton field can be larger than the anomalous U(1) D-term contribution, depending on how the dilaton is stabilized. If the F -term contribution dominates the D-term contribution, the situation is drastically changed. Through loop corrections of the gaugino the F -term contribution can induce the degenerate scalar fermion masses, which weaken the constraints from FCNC processes.
In this paper, we point out that the order of the ratio between the D-term and the F -term contributions is generally determined when the dilaton is stabilized by smallness of the second derivative of the Kähler potential for the dilaton. The Dterm gives the flavor-dependent sfermion masses, while the F -term of the dilaton contributes the flavor-independent sfermion masses through loop corrections of the gaugino. Therefore FCNC processes can be predicted by the above ratio. In this scenario the most dangerous process is the µ → eγ process and it can be found around the present experimental bound to the branching ratio BR(µ → eγ) < 4.9 × 10 −11 [13] . We also investigate the case that there are other contributions to sfermion masses as well as loop corrections of the gaugino. Even in this case, the branching ratio is not so far away from the current bound.
Anomalous U (1) gauge symmetry
First we recall on the anomalous U(1) A gauge symmetry. It is well-known that some low energy effective theories of the string theory include the anomalous U(1) A gauge symmetry which has non-zero anomalies, such as the pure U(1)
anomaly, mixed anomalies with the other gauge groups G a , and the mixed gravitational anomaly [14] .
1 These anomalies are canceled by combining the nonlinear transformation of the dilaton chiral supermultiplet S with the gauge transformation of the U(1) A vector supermultiplet V A ,
where Λ is a parameter chiral superfield. This is because the gauge kinetic functions for V A and the other vector supermultiplets V a are given by
where W A α and W a α are the chiral projected superfields from V A and V a , respectively, and k A and k a are Kac-Moody levels of U(1) A and G a , respectively. And the square of the gauge coupling is written by the inverse of the vacuum expectation value (VEV) of the dilaton, i.e.,
The parameter δ GS in Eq. (2.2) is related to the conditions for the anomaly cancellations,
The last equality is required by the cancellation of the mixed gravitational anomaly. These anomaly cancellations are understood in the context of the GreenSchwarz mechanism [1] . If there is another U(1) ′ gauge symmetry, the further condition
is required, since the mixed anomaly U(1)
′ cannot be canceled by the nonlinear transformation of the dilaton. Moreover, the coupling unification
g Y requires the following relations,
These conditions (2.5) and (2.6) are automatically satisfied in the case that the anomalous U(1) charges respect the SU(5) GUT symmetry.
One of the most interesting features of the anomalous U(1) gauge symmetry is to induce the Fayet-Iliopoulos D-term (F-I term) radiatively [14] . Since the Kähler potential K for the dilaton S must be a function of S + S † − δ GS V A for the U(1) A gauge invariance, the F-I term can be given as follows.
where we take the sign of Q A so that ξ 2 > 0. When some superfields Φ i have anomalous U(1) charges q i , the scalar potential becomes
Since the scalar component of Φ has the VEV in Eq. (2.9), we get the hierarchical mass matrices,
|u i −u j | and so on. The diagonalized masses of quarks, m f , are given as follows.
The Cabbibo-Kobayashi-Maskawa matrix is 
Through the see-saw mechanism [16] the left-handed neutrino mass matrix is given by
The mixing matrix for the lepton sector [17] is induced as for the quark sector. 18) which is also determined only by the charges of the left-handed leptons, l i . If we take l i = (4, 2, 2), it gives the mixing angles which are indicated by the MSW small angle solution for solar neutrino problem and the large angle solution for the atmospheric neutrino anomaly [18, 19, 20] . Other charge assignments may give mixing angles and masses which explain the other solutions and/or the LSND experiment but we won't discuss it further. If there is no massless superfield with a negative U(1) A charge, SUSY is broken spontaneously. For example, suppose that all fields have non-negative anomalous U(1) charges except the field Φ and that Φ has superpotential
Here we have to introduce the Majorana mass scale M m smaller than M P by hand. If we take M m ∼ M P simply, the neutrino mass becomes O(10 −5 eV), which is smaller than the values indicated by various experiments. 5 Note that m has a charge −2. Here we only assume that m is generated by some unknown strong dynamics. Later we will show it concretely.
From the scalar potential 20) you see that at the global minimum point, Φ = ξ 2 − m 2 /g 2 A and Φ i = 0,
then SUSY is broken spontaneously. The soft scalar mass squared m 2 i for the field Φ i is induced through the D-term and proportional to the anomalous U(1)
The flavor dependent U(1) A charges, which are needed for solving the fermion mass hierarchy, induce inevitably non-degenerate scalar fermion masses, which cause the large contribution to FCNC processes. Therefore we usually adopt the decoupling scenario that the soft SUSY breaking scalar masses for the first two generations are much larger than the weak scale in order to suppress the FCNC process, while the masses for the third generation and the gauginos are as large as the weak scale for naturalness [9, 10] . However, it is pointed out by ArkaniHamed and Murayama that large soft scalar masses for the first-two generations tend to drive the stop mass squared negative at two loop level so that this scenario is problematic [11] . 6 In the next section we discuss another scenario avoiding this problem without discarding the idea that the anomalous U(1) gauge symmetry explains both SUSY breaking and fermion mass hierarchy simultaneously.
F -term contribution of the dilaton
Recently Arkani-Hamed, Dine and Martin [12] pointed out that the F -term contribution of the dilaton to the SUSY breaking parameters cannot be neglected, especially when the dilaton is stabilized by the deformation of the Kähler potential. It implies that the phenomenology in anomalous U(1) SUSY breaking models can change extremely. This is because the F -term of the dilaton gives gaugino masses, through which flavor-independent sfermion masses are generated by loop corrections. Since flavor-dependent sfermion masses come from the Dterm contribution, the magnitude of the flavor violation is controlled by the ratio between the D-term and the F -term. In this section we show that the order of the ratio is determined under some assumptions.
First we review their argument by an explicit example. As we have seen, when some strong dynamics induces the effective mass term of the field Φ with the U(1) A charge −1, SUSY is broken dynamically. As the strong dynamics they adopted the SU(N c ) gauge theory with one flavor Q andQ, which have anomalous U(1) charges q andq, respectively. The superpotential in tree level is
Below the dynamical scale Λ of the SU(N c ) gauge theory, the effective superpotential with the canonically normalized meson superfield t ≡ 2QQ becomes
The second term is the Affleck, Dine and Seiberg (ADS) superpotential W np [22] , through which the superpotential W depends on the dilaton S. That is,
3)
This small parameter δ will play an important role in the following. The total Kähler potential is
Then the scalar potential is
where
If the Kähler potential for the dilaton K is given by
which can be induced by stringy calculation in tree level, the potential for the dilaton has a run-away vacuum. A solution for the dilaton stabilization is to deform the Kähler potential. For example, we take according to Ref.
[12]
where s 0 and b are non-negative constants. If b < δ 2 , there is a stable local minimum ats ≡ s 0 − δ. At that minimum, the ratio of the VEV of D A and F S can be calculated as
Note that the ratio r can be small, i.e., the F -term of the dilaton can dominate the ordinary D-term contribution. Therefore the phenomenology is extremely changed. Assuming the canonical gauge kinetic function, the gaugino masses are 8) and the gravitino mass is
On the other hand, the scalar fields with the anomalous U(1) charges q i obtain the soft masses m
These are so-called no-scale like SUSY breaking parameters. This relation is given at the Planck scale. At the weak scale the contribution from the loop corrections of the gauginos can be the main part of the scalar masses.
In the above argument we have assumed the specific Kähler potential and considered only the case with one flavor. What we emphasize in this paper is that the ratio r is generally determined as about 0.01 under some assumptions discussed below.
To begin with, we extend the number of flavors from one to N f (<N c ),
and increase the number of pairs QQ which couple to the field Φ in the superpotential. The fields Q i andQ j have anomalous U(1) charges q i and q j , respectively. The superpotential in tree level is
In this generalized case the ratio r = |D A |/|F S | 2 is also calculated explicitly (see Appendix).
(3.13)
Note that the order of the ratio r is almost determined by the ratio K ′′ /K ′ . In the following subsection we discuss assumptions under which the ratio K ′′ /K ′ , that is, r, is generally determined.
Our first assumption is that the dilaton is stabilized by corrections to the tree level Kähler potential. That is, Kähler potential K is made up of the tree level Kähler potential K tree = − ln(S + S † ) and some correction K cor , which goes to zero for weak coupling limit.
(3.14)
Since there is a non-perturbative superpotential W np ,
Here we have only considered the non-perturbative superpotential W np . Indeed there is the dilaton-dependent part of a tree level superpotential, but it hardly changes the following argument.
In the evaluation in this paper, we take S ∼ 2 to realize the standard gauge coupling at the GUT scale g Fig. 1 and has a local minimum at s 0 . Therefore K ′′ is expanded around the local minimum s 0 as, Then the condition of the existence of a local minimum is α < O(δ 2 ) and at s = s 0 − δ the potential is minimized. We find the ratio at the local minimum S =s ∼ 2, 
In general γ is dependent on an explicit form of the Kähler potential, but we consider that this dependence is order unity and less important. For example, γ = 1 when we take the form of Eq. (3.6) as the Kähler potential. We can find finally
As we have remarked, the condition (3.16) is an approximate one. Following the exact condition (A.16) calculated in Appendix, δ must be changed slightly as follows.
Finally using δ in Eq. (3.24) the ratio r is given by r = 3δ 2s 3 × γ. You should notice that in this scenario the order of r is almost determined by δ, that is, the inverse of 8π 2 , so that r ∼ 0.01. Since the ratio r represents the magnitude of the flavor violation,the model-independent nature of r implies that we can make the model-independent predictions for flavor violating processes. In the next section, we discuss FCNC processes using the ratio r.
Lepton flavor violation
The flavor-independent part of the sfermion masses at the weak scale is induced by loop corrections of gauginos, which are easily calculated by the renormalization group equations (RGE). Generally, the loop corrections to the slepton masses are smaller than those to the squark masses, therefore the flavor-violating effects of the non-degeneracy among the sfermion masses are larger in lepton flavor violating processes like µ → eγ than baryon flavor violating processes such that K 0K 0 mixing. In this paper we only discuss the flavor violation from the non-degeneracy between the first and the second generations, because the experimental constraints on it are the most stringent. Therefore we neglect the third generation below. 9 We first calculate the sfermion masses induced by RGE. Assuming that the SUSY breaking parameters are given around the GUT scale and that below the GUT scale the model is the minimal SUSY standard model, the sfermion masses m where the coefficients ξf are estimated numerically.
fq LũRdRlLẽR ξf 6.5 6.1 6.0 0.52 0.15
The sfermion masses in Eq. (4.1) are given in the base of the anomalous U(1) gauge symmetry. On the other hand, it is convenient to discuss the flavor violating processes in terms of off-diagonal elements of the sfermion mass matrices in the base where fermion mass matrices are diagonal. Because the diagonalizing matrices are given by in Eqs. (2.11) and (2.12),
off-diagonal elements of the sfermion masses are from the µ → eγ process for moderate tan β [25] .
Here we define the ratio R between the gaugino mass squared and the nondegenerate mass squared around the GUT scale instead of r,
Because r is generally determined as about 0.01 in the previous section and s = 1/g 2 ∼ 2, R ∼ 0.1. Using R and ξf the normalized off-diagonal elements are written by
then the constraints (4.4) and (4.5) become
For example, if we take an assignment of U(1) A charges, ∆f = 1, which gives the most stringent constraints, the constraint from the K 0K 0 mixing requires that M 1/2 > 500GeV, while the constraint from the µ → eγ process indicates that M 1/2 > 3TeV. This rough estimation of the µ → eγ process is too severe. Actually the constraint becomes weak as M 1/2 > 1TeV, because we neglect the contribution to the slepton masses from the D-term.
As the other extreme case, we could take ∆f = 0, which gives no flavor violation. However, U(1) A charges, f i , are related to fermion masses as Eq. (2.13). For instance, m e /m µ ∼ λ ∆l+∆e , that is, ∆l + ∆e ∼ 3. It implies that we cannot take ∆l and ∆e zero simultaneously. Therefore the weakest constraint from the µ → eγ process is given in the case that (∆l, ∆e) = (3, 0) or (0, 3) , where the constraint becomes M 1/2 > 300GeV. This is because ∆lλ ∆l = 0.2 → 3 × 0.2 3 , so that the amplitude decreases by one order. In the next section we perform numerical calculations using the U(1) A charge assignments corresponding to above two extreme cases.
Before calculating numerically, note that it has been assumed implicitly in the above argument that there are no other contributions to the sfermion masses. However, is it true? Are there any other contributions? If there is another flavor-independent contribution, the constraint becomes weak. Indeed two other flavor-independent contributions to sfermion masses can be considered.
One contribution is induced from GUT interactions. Assuming the GUT, slepton masses receive much larger loop corrections from the GUT interactions than only from the weak interactions. The other comes from a Kähler potential,
which contributes to the soft scalar masses as follows.
Though we do not know a definite reason why the dilaton has flavor independent interactions with chiral superfields, we calculate the branching ratio in the next section under the assumption that ∆m
Moreover we should consider the F -term contributions of the other moduli, but it is not so unnatural to assume F S ≫ F M , because the large F S is realized in the special case that the second derivative of the Kähler potential is extremely small. In the next section we consider two cases with these contributions.
In the end of this section, we should comment on the CP violation. The experimental value of the CP violation in the K 0K 0 mixing gives about one order severer constraint on the gaugino mass than from the real part of the mixing. However, since we do not know well the origin of the CP violation, we don't have to take it seriously in deriving conservative constraints.
Numerical calculations
In this section we give numerical calculations for the µ → eγ process [26, 27, 28] . If we know all parameters at the GUT scale, we can get the parameters at the low energy scale. Then we can estimate the branching ratio of µ → eγ by using the exact calculation in Ref. [27] . As free parameters in MSSM at the GUT scale, there are five kinds of parameters, the sfermion masses m 2 f i 0 , the universal gaugino mass M 1/2 , the trilinear parameters A, the higgsino mass µ and the Higgs mixing parameter B.
The sfermion masses are given by the U(1) A charges, the ratio R and gaugino mass M 1/2 . In the following calculations, R and M 1/2 are taken as free parameters. As the assignments of the anomalous U(1) charges we consider two types in Table  1 . Type A and Type B correspond to the case which gives the most stringent constraint and the case which gives the weakest one, respectively, as discussed in the previous section. Type A respects the SU(5) GUT symmetry and reproduces the quark and lepton mass matrices well. Type B is originated in Ref. [7] , but it does not respect the SU(5) GUT symmetry, so that it is not trivial to satisfy the conditions (2.5) and (2.6), and it does not explain the largeness of the neutrino mixing angle. Since trilinear parameters A at the GUT scale are much smaller than the gaugino mass M 1/2 , they can be neglected and set to zero for simplicity. The absolute value of the higgsino mass µ is determined by the weak scale and the parameter B is determined by the ratio of the VEV of the Higgs tan β. (We use the tree potential in the calculation.) Therefore, as the free parameters in our scenario, we have the gaugino mass M 1/2 , the ratio R = D A /M 1/2 , the sign of µ and tan β. Below we calculate the branching ratios changing the values of the first three parameters. We have considered only the case that R ∼ 0.1 in the previous section. However, since there are ambiguity of γ and some coefficients, we take the range of R as 0.01 ∼ 1. We fix tan β = 2 in all calculations, because the dependence of the µ → eγ process on tan β is simple. Since the dominant contribution is proportional to the left-right mixing of slepton masses, the amplitude is proportional to tan β. For instance, if we take tan β = 10, the bound to the gaugino mass M 1/2 is severer by a factor of √ 5. Before showing the numerical results, we comment about the constraint from the K 0K 0 mixing. The calculation in Ref. [25] does not contain the QCD corrections. In Ref. [29] it is shown that the leading order QCD corrections tighten the constraints. However, in their calculations the hadronic scale µ had is taken so that α s (µ had ) = 1. At such a scale perturbative calculations are not reliable. Alternatively, we take µ had = 2GeV according to Ref. [30] . In Ref. B-parameters given by lattice calculations. But their results are not much different from the calculations with the Vacuum-Insertion-Approximation (VIA) with the Leading-Order QCD corrections (LO). Therefore we estimate the constraints from the K 0K 0 mixing using VIA with the LO QCD corrections. Fig. 2 shows the branching ratio of µ → eγ in the case that we take the charge assignment of Type A in Table 1 and only the loop corrections from the gauginos. Why is there a peak around R ∼ 0.1? The reason is as follows. Remember that the branching ratio is proportional to δm 2 e /m 4 e ∝ R/(ξẽ + e R R) 2 . If the slepton mass squared from the gaugino mass, ξẽM 2 1/2 , dominates that from the D-term, e R RM 2 1/2 , we get the smaller branching ratio for the smaller R. On the other hand, if the slepton mass from the D-term dominates that from the gaugino mass, we get the smaller branching ratio for the larger R. The border between the two cases must be the around R ∼ ξẽ/e R ∼ 0.08. Here we use the anomalous U(1) charge for right-handed scalar muon e 2 = 2. This is because the righthanded slepton gives the largest contribution to the branching ratio. This is the reason for the fact that the branching ratio has the largest value around R ∼ 0.1. Fig. 3 shows the branching ratio in the case that we take the charge assignment of Type B. Since the main contribution to the K 0K 0 mixing is proportional to the δqδd, the constraint on the gaugino mass from the K 0K 0 mixing decreases by one order in the case that δd = 0. 10 You can see that even the CP violation in K meson does not give a severe constraint. The figure for µ > 0 shows that there seems to be a cancellation around R ∼ 1. Since this charge assignment makes the contribution from the left-handed sleptons vanish, the cancellation between the Feynman diagrams of the right-handed scalar lepton, pointed out in Ref. [28] , is realized. For µ < 0, the cancellation occurs around R ∼ 3, though it is not shown in the figure. Even for this weakest constraint, the near future experiment can prove this scenario.
As discussed in the end of the previous section, if GUT exists, the renormalization group from the Planck scale, M P , to the GUT scale, M G , contributes to the sfermion masses. In the case of SU(5) GUT, the contribution is as follows. 10 This is because the subdominant contribution to the K 0K 0 mixing gives the following weaker constraints on δq and δd, respectively [25] . Fig. 4 shows a conservative constraint on the gaugino mass. Fig. 5 shows the branching ratio in the case that the F -term of the dilation also contributes to the scalar fermion masses directly, as m 0 = M 1/2 at the GUT scale. Even if R = 0.1, the gaugino mass M 1/2 > 300GeV is allowed. However, we cannot predict the lowest value of the branching ratio, because the upper limit of the contribution from the dilaton is unknown in this framework.
Discussions and Summary
There is a problem in the situation that gaugino mass dominates other SUSY breaking parameters at the GUT scale. It is that the potential becomes unbounded from below (UFB) as discussed in Ref. [31] . But in the case that R ∼ 0.1, m 0 /M 1/2 ∼ 0.3, then it is around the boundary of the UFB constraint. Even if the Standard vacuum is false, it is allowed if it is more stable than the universe. Also, if there is another flavor independent contribution to the sfermion masses, such as form GUT interactions or the dilaton, it can be free from the above problem.
In this paper, we studied the case that the dilaton is stabilized by the deformation of the Kähler potential for the dilaton and pointed out that the order of the ratio between the F -term and the D-term contributions is generally determined. We estimated FCNC processes from the above ratio in this scenario, and we showed that especially the µ → eγ process can be around the present experimental upper bound. The analysis in LANL experiment is expected to make the experimental bound lower to 5 × 10 −12 . And in near future we can expect that the process is accessible to 10 −14 [32] . Therefore the process can be seen in the near future if the scenario is true.
Here we define a parameter ǫ ≪ 1,
